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ORIGINAL RESEARCH

Giriş ve Amaç: Organik çözücüler günlük yaşamda sık kullanılan sıvı 
maddelerdir. Bu çözücüler tiner, cila ve yapıştırıcı olarak boyalarda bu-
lunur. İnsanlar uçucu çözücülere inhalasyon, cilt teması veya oral olarak 
maruz kalır. Tiner özellikle toplumun düşük sosyoekonomik grubundaki 
gençler tarafından narkotik olarak kullanılır. Tiner kötüye kullanımı ülke-
mizde büyüyen bir sağlık sorunu haline gelmiştir. Bu çalışmanın amacı 
kronik tiner inhalasyonuna maruz kalan sıçan karaciğerindeki histopato-
lojik değişiklikleri belirlemek ve tinerin sıçan karaciğerinde yarattığı tok-
sik etkileri, uçucu madde bağımlılarına bir uyarı olarak ortaya koymaktır.
Gereç ve Yöntem: Bu, Haydarpaşa Numune Eğitim ve Araştırma Has-
tanesi hayvan bakım tesisinde gerçekleştirilen randomize bir çalışmadır. 
Çalışmada 40 Wistar albino sıçan kullanıldı. Üç grup sıçan sırayla 1,3 ve 
5 hafta boyunca cam bir kafeste tiner soludu. On sıçan kontrol grubu 
olarak sadece oda havası soludu. Bulgular: Karaciğerde fokal nekroz, 
granülom, güve yeniği nekrozu ve portal inflamasyon saptandı ve ma-
ruziyet süresi uzadıkça bu histopatolojik değişiklikler daha belirgin hale 
geldi. Safra kanalı hasarı bakımından gruplar arasında önemli fark yok-
tu. Sonuç: Histopatolojik değerlendirmelere dayanarak, kronik tiner in-
halasyonunun karaciğerde maruziyet süresi uzadıkça daha belirgin hale 
gelen saptanabilir hasara yol açtığı gösterilmiştir.

Anahtar sözcükler: İlaç kullanıcıları, inhalasyon, karaciğer, tiner  

Background and Aims: Organic solvents are liquid substances com-
monly used in everyday life. These solvents exist in paint (as a thin-
ner), polishes and adhesives. People are exposed to volatile solvents 
through inhalation, skin contact or oral ingestion. Thinner is used as a 
narcotic, especially among young people of low socioeconomic level. 
Thinner abuse has become a growing health issue in our country. The 
aim of this study was to determine the histopathological changes in a 
rat liver exposed to chronic thinner inhalation. Materials and Meth-
ods: This is a randomized trial conducted at the animal care facility 
of Haydarpasa Numune Education and Research Hospital. Forty male 
Albino-Wistar rats were used throughout the study. Three groups of 
rats inhaled thinner in a glass cage for 1, 3 or 5 weeks, respectively. Ten 
rats that inhaled only room air served as the control group. Results: 
Focal necrosis, granuloma, piecemeal necrosis, and portal inflamma-
tion were established in the liver, and these histopathological changes 
became more prominent as the exposure period extended. There was 
no significant difference between groups regarding bile duct damage. 
Conclusions: On the basis of histopathological evaluations, it was 
shown that exposure to chronic thinner inhalation causes detectable 
damage to the liver, which becomes more prominent as the exposure 
period prolongs.
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INTRODUCTION

Organic solvents are liquid substances commonly used 
in everyday life at home and in industrial workplaces. 
These solvents are found primarily in paint (as thinner), 
polishes, adhesives, typewriter correction fluids, and dry 
cleaner solutions (1-3). 

Cellulosic thinner is a mixture of solvents comprising hy-
drocarbons, esters, glycol esters, ketones, and alcohol, 
and is used to decrease the viscosity of a variety of nitro-
cellulose-based paints and varnishes for ease of use (4).

People are exposed to volatile solvents by way of inhala-
tion, through skin contact or oral ingestion. Many are ex-

posed to inhalation of thinner in industrial areas (1,5,6).

Intoxication due to volatile substance inhalation presents 
itself at first with euphoria, enhanced energy, and disin-
hibition, followed by relaxation, dizziness, visual and ver-
bal hallucinations, fatigue, and somnolence. In addition, 
coughing, sneezing, increase in salivation, skin erythema, 
nausea, vomiting, photophobia, disorientation, diplopia, 
ataxia, speech disorders, decrease in reflexes, and nys-
tagmus can be seen during its use. Chronic use causes 
permanent damage to the central nervous system, heart, 
liver, lungs, and kidneys (1,7-12).
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Thinner abuse has become a growing health issue in our 
country (13). The aim of this study was to determine 
the histopathological changes in the rat liver exposed to 
chronic thinner inhalation and to present its toxic effects 
on the liver of rats to serve as an example for human 
thinner addicts. 

MATERIALS and METHODS

In this study, the histological changes in the liver due to 
thinner inhalation were examined in an animal model. 
Forty male Albino-Wistar rats weighing between 110-160 
g were used in the study. Approval was obtained from 
the Animal Ethics Committee of Haydarpaşa Numune 
Education and Research Hospital. All rats were fed with 
standard diet and water. Except during the thinner inha-
lation periods, the rats were kept in an environment at 
22±2°C, with a 12-hour light/dark cycle. A closed glass 
cage measuring 50x34x20 cm was used during the pe-
riod of thinner inhalation. A cellulosic thinner used in 
industry, containing 63% toluene, 13% acetone, 10% 
isobutyl acetate, 7,5% isobutanol, and 6,5% butyl glycol 
was chosen for the study. It was decided to expose the 
rats to thinner for 20 minutes until loss of the standing 
up reflex (14).

The rats were randomized into three groups according 
to thinner inhalation periods as Group 1: 1 week (n=5), 
Group 2: 3 weeks (n=9), Group 3: 5 weeks (n=10), and 
control group (n=10).

Thinner inhalation was administered twice-daily for 5 
weeks (09:00 am and 15:00 pm). At the end of their 
inhalation periods, rats were anesthetized with ketamine 
HCl injected intraperitoneally (100 mg/kg for operation 
and 200 mg/kg for euthanasia) in accordance with the 
guidelines, and they were sacrificed according to the 
weeks of exposure per group (1st, 3rd and 5th weeks); the 
control group was sacrificed at the end of the 5th week. 
Then, the livers were dissected. 

The tissue samples taken from the liver were fixed with 
tamponaded formaldehyde. Following the routine pro-
cedure, 5-micron slices were obtained from the paraffin 
blocks. All slides were stained with hematoxylin-eosin. 
Liver samples were stained with periodic acid Schiff 
(PAS), PAS diastase, Masson trichrome, and reticulin. 
The slides were evaluated with Olympus BX50 light mi-
croscope (Olympus Co Ltd, Japan) under 4, 10, and 40 
magnifications.

All the microscopic slides were examined by the same 
pathologist, who was double-blinded to the study param-
eters. The liver slides were evaluated according to the 
following criteria (which are the standard parameters for 

assessing hepatic injury caused by any damaging effect): 
1) parenchymal damage-focal necrosis and hydropic de-
generation, 2) granuloma, 3) piecemeal necrosis (peri-
portal necrosis), 4) portal inflammation, and 5) bile duct 
damage. 

Liver bile duct damage and granuloma were evaluated as 
present or absent. 

The statistical analysis of this study was done with Graph-
Pad Prisma V.3 packet program. The qualitative data 
were evaluated with c2 test. 

RESULTS

As a means of determining the histopathological chang-
es in rats exposed to thinner inhalation, groups were 
exposed to 5 ml of thinner according to the inhalation 
periods. At the beginning of thinner inhalation, it was 
observed that the rats gathered at the farthest point 
possible away from the thinner container in the glass 
cage. After the first 5 minutes, an increase in movement, 
tendency to stand on their hind legs, and deeper and 
accelerated respiration were observed. Between 10-15 
minutes, difficulty in walking was observed, and after 15 
minutes, the rats could barely stand but continued try-
ing by holding the cage walls, until they just fell over. At 
approximately 20 minutes, the standing reflex was lost, 
there was no response to external stimulation, and the 
rats were observed to lie motionless in the cage. Two of 
the rats were removed from the cage. Those left inside 
the cage died after 5 minutes, while the ones outside 
returned to normal after approximately 30 minutes; they 
were observed to consume a significant amount of water.

Fur loss and hemorrhage around the nostrils were no-
ticed, beginning at the 1st week of this experimental 
study. After 3 weeks, the rats began to lose weight. In-
creases in respiration rate and defecation amount were 
observed during the experiment. An aggressive increase 
was observed even in periods during which they were 
not exposed to thinner inhalation. 

A comparison of the parameters obtained from the light 
microscope evaluation of the liver slides of the control 
group and the rats sacrificed at weeks 1, 3, and 5 is given 
in Table 1. According to these results, there was a statisti-
cally significant difference in the distribution of focal ne-
crosis (c2 = 24,67, p=0,001) (Figure 1) between Groups 
2 and 3. Group 3 was in the worst condition.

There was a statistically significant difference regarding 
granuloma development in the liver due to thinner in-
halation (c2=22,93, p=0,001) between Groups 2 and 3 
(Table 2).
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Development of piecemeal necrosis was also statistically 
significant for Groups 2 and 3 (c2=12,86, p=0,05) (Fi-
gure 2). 

There was a statistically significant difference regarding 
portal inflammation (c2 = 17,28, p=0,05) (Figure 3) be-
tween Groups 1 and 3 and between Groups 2 and 3. 
There was no statistically significant difference between 
the inhalation groups regarding bile duct damage.

No fibrosis was detected in any of the samples with Mas-
son-trichrome staining.

DISCUSSION

Industrial thinner is composed of 63% toluene, which 
causes the side effects (1). The Occupational Safety and 
Health Administration recommends an exposure limit of 
150 ppm (averaged over a normal 8-hour workday) to 

ensure that workers can be exposed without adverse ef-
fects. When toluene concentration exceeds 2000 ppm, 
there is risk of death (16). Repeated inhalation of toxic 
concentrations of thinner induces a wide range of re-
sponses in the liver, depending on the concentration 
and duration of exposure. There are studies reporting 
hepatic, renal, cardiovascular, and hemopoietic system 
damage in thinner addicts (1,7,17,18).

Carabez et al. exposed a group of rats to thinner inhala-
tion in a periodic manner for 14 weeks. When the livers 
of the sacrificed rats were evaluated by electron micro-
scope, changes such as extreme glycogen deposition in 
hepatocytes, increase in lipid droplets in the cytoplasm, 
deposition of fibrous-collagen-like material, enlarged Gol-
gi complexes, and increase in lysosome numbers were 
established (19).

The effect of thinner on the liver

       Control n 1st Week n 3rd Week n 5th Week n

Focal necrosis
Absent 2 0 5 0

c2=24,67
Focal 4 4 3 0
Diffuse 4 1 1 10 p<0,001

Hydropic degeneration
Absent 0 0 1 2

c2=7,06
Focal 4 1 2 0
Diffuse 6 4 6 8 p>0,05

Granuloma
Present 2 0 0 8 c2=22,93
Absent 8 5 10 2 P<0,001

Piecemeal necrosis
Absent 6 5 8 3

c2=12,86
Focal 2 0 0 1
Diffuse 2 0 1 6 P<0,05

Portal inflammation
Absent 4 5 5 0

c2=17,28
Focal 4 0 3 4
Diffuse 2 0 1 6 P<0,05

Bile duct damage Present 1 0 2 4 c2=4,3
Absent 9 5 7 6 p>0,05

Control 1st Week 3rd Week 5th Week

Focal necrosis
Median 1,0 1,0 0 2
25% 0,75 1,0 0 2
75% 2,0 1,5 1 2

Hydropic degeneration
Median 2 2 2 2
25% 1 1,5 1 1,5
75% 2 2 2 2

Piecemeal necrosis
Median 0 0 0 2
25% 0 0 0 0
75% 1,25 0 0 2

Portal inflammation
Median 1 0 0 2
25% 0 0 0 1
75% 1,25 0 1 2

Absent: 0, Focal: 1, Diffuse: 2

Table 1. Summary of histopathological data

Table 2. Distribution of the median values of focal necrosis, hydropic degeneration, piecemeal necrosis,  and portal 
inflammation and the 25-75% percentile values 
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Hydrochlorofluorocarbons (HCFC) are found in some thin-
ners. In an experimental study conducted by Frame et al., 
male rats were grouped and exposed to HCFC – 225 cb 
in concentrations of 500, 1000 and 13000 ppm (6 hours 
per day for 2 weeks). Pathologic evaluation revealed he-
patocellular hypertrophy in all groups. Hypertrophy was 
diffuse, and these hepatocytes showed granular, eosino-

philic cytoplasmic swelling and had enlarged, hyperchro-
mic nuclei. As the dose increased, the hypertrophy in 
hepatic cells became more prominent, and the liver was 
much heavier. The peroxisome number had increased in 
the livers of all exposed groups. At the 14th day of the 
termination of the experiment, hepatic changes had all 
resolved in rats dissected at the time (20).

According to a study published in Norway, the main form 
of exposure to toluene is via inhalation. Toluene is mostly 
metabolized in the liver and is excreted as hippuric acid 
in the urine. It is catabolized mainly by oxidation. This 
pathway takes place in the endoplasmic reticulum of the 
hepatic parenchymal cells, over the cytochrome P-450 
system (21).

In exposure through inhalation, a dose-dependent, re-
versible weight increase in the liver has been reported. 
There is no increase in the liver enzymes except for alka-
line phosphatase. 

Acute unintentional inhalation of paint thinner fumes re-
sulted in serious multi-organ toxicity and death (11).

In our study, we evaluated the histopathological changes 
in the liver of rats exposed to thinner inhalation for cer-
tain periods and dissected at 1, 3 and 5 weeks. The re-
sults were compared with the rats in the control group, 
which were not exposed to thinner and were sacrificed 
at the end of 5 weeks. Many studies can be found with 
the same experimental setting, investigating exposure to 
controlled thinner inhalation in rats by dissection. How-
ever, most of these studies were focused on the effect 
of controlled thinner inhalation upon the central nervous 
system and were mostly directed by neurologists.

The livers of the experimental animals were evaluated his-
topathologically for parenchymal damage (focal necrosis, 
hydropic degeneration), granuloma, piecemeal necrosis 
(periportal necrosis), portal inflammation, and bile duct 
damage, and the results were analyzed statistically. There 
was a statistically significant difference regarding focal 
necrosis between Groups 2 and 3. Group 3 rats were 
in the worst condition. Similarly, a statistically significant 
difference was found regarding granuloma, piecemeal 
necrosis, and periportal inflammation between Groups 2 
and 3. A statistically significant difference was also found 
regarding portal inflammation between Groups 2 and 3. 
There was no statistically significant difference regarding 
hydropic degeneration.

In summary, it has been proven that thinner inhalation 
causes detectable damage in the liver of experimental 
animals, in parallel to the experimental results and re-
ported cases. These findings are in accordance with the 
term “toxic hepatitis”. 

Figure 3. Granuloma and portal inflammation in rat liver.

Figure 2. Portal inflammation and piecemeal necrosis in rat liver.

Figure 1. Focal necrosis in rat liver.
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Toxic hepatitis is a serious problem during drug devel-
opment and in the use of many established drugs. For 
example, acetaminophen overdose is currently the most 
frequent cause of acute liver failure in the United States 
and Great Britain. Evaluation of the mechanisms of drug-
induced liver injury indicates that mitochondria are criti-
cal targets for drug toxicity, either directly or indirectly 
through the formation of reactive metabolites. Together, 
these events trigger necrotic cell death (22).

As the inhalation period extends, the damage becomes 
more prominent. Nevertheless, the fact that the lesions 
were also seen in the control group as well (though to a 
minimum extent) is a little confusing. A possible explana-
tion is that infection with a probable agent found in the 
same environment was passed to the other animals. 

It is obvious from the results of our study and many oth-
ers that the use of thinner as a narcotic is quite harmful 
and causes histopathologically detectable liver damage, 
which becomes more prominent as the exposure period 
is prolonged. In order to better establish the real damage 
to the liver caused by thinner, there is a need for more 

clinical and experimental studies performed in more ster-
ilized settings for longer periods.

In countries with low socioeconomic conditions, thinner 
is the drug of abuse for many young people, owing to 
the high cost, inaccessibility and illegality of other drugs. 
It is widely used in industry, and people are exposed to 
thinner through inhalation, skin contact or oral intake. 
This solvent is mainly composed of toluene, which is re-
sponsible for the damage to the central nervous system, 
respiratory tract and hepatobiliary system when inhaled. 

In our study, we observed the development of focal 
necrosis, granuloma, piecemeal necrosis, and portal in-
flammation in the liver, and these lesions became more 
remarkable as the exposure time extended. There was 
no significant difference between groups regarding bile 
duct damage. 

In order to prevent the use of thinner as a narcotic, so-
ciety should be informed about its harmful effects and 
more effective banning measures should be taken. For 
those who are occupationally exposed to thinner, pre-
ventive measures should be taken in the workplace. 

The effect of thinner on the liver




